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ABSTRACT 


An  analytical  assessment  Is  made  of  an  apparatus  designed  for  the  measurement  of  the 
complex  shear  modulus  of  viscoelastic  materials.  It  is  shown  that  simple  measurements 
of  amplitude  ratio  and  phase  angle  are  sufficient  to  determine  the  complex  modulus  at  any 
point  over  a  wide  range  of  frequency  and  dynamic  strain.  Data  obtained  for  butyl  rubber  and 
some  experimental  elastomers  are  presented. 
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INTRODUCTION 


The  solution  of  problems  in  continuum  mechanics  wherein  It  is  desired  to  represent  a 
material  which  has  time  dependent  mechanical  behavior  may  be  obtained  by  the  use  of  the 
theory  of  linear  viscoelasticity.  Although  the  usefulness  of  this  theory  is  restricted  to 
situations  involving  small  deformations,  it  is  virtually  indispensable  as  a  first  approxi¬ 
mation  when  dealing  with  materials  exhibiting  stress  or  strain  rate  dependent  behavior. 
This  is  completely  analogous  to  the  first  appr  jxlmatlon  afforded  by  the  classical  theory 
of  elasticity  for  so-called  linear  or  Hooke  an  solids. 

Of  the  several  theoretically  equivalent  means  of  describing  the  stress-strain  behavior 
of  linear  viscoelastic  solids,  the  “complex  modulus’*  approach  Is  the  simplest  to  use  from 
the  point  of  view  of  an  experimental  determination  of  the  properties  of  such  materials.  A 
rational  introduction  of  the  complex  modulus  concept  is  given  by  Sncwdon  (Reference  1). 
Data  obtdned  from  complex  modulus  experiments,  under  sinusoidal  loading  conditions,  can 
be  carried  over  to  any  of  the  other  descriptions  of  the  stress-strain  behavior  and  used  in 
the  solution  of  various  problems.  Details  of  the  connecting  mathemr  tlcal  transformations 
may  be  found  in  Gross  (Reference  2). 

Although  the  complete  characterization  of  mechanical  properties  of  an  isotropic,  visco¬ 
elastic  solid  requires  the  determination  of  the  +wo  complex  moduli  in  shear  and  dilatation, 
this  work  is  limited  to  devising  an  experiment  for  measuring  the  complex  modulus  in  shear 
alone. 

The  procedure  adopted  for  this  determination  was  to  measure  the  response  of  the  test 
material  to  a  sinusoidal  stimulus  and  compare  the  results  with  a  simple  analysis  of  the 
system.  Obviously  a  candidate  test  for  the  determination  of  complex  shear  modulus  must 
include  a  specimen  for  which  the  geometry,  boundary  conditions,  and  stress  field  are  not 
only  experimentally  realizable  but  are  also  amenable  to  a  relatively  accurate  analysis  within 
the  framework  of  the  theory  of  linear  viscoelasticity.  It  is  also  desirable  that  the  dynamic 
response  of  the  test  specimen  be  dependent  only  on  the  complex  shear  mod’dua  since,  generally, 
it  is  possible  to  make  a  sufficient  number  of  measurements  to  define  only  one  complex  modulus 
in  any  one  type  of  test. 

The  tact  described  herein  satisfies  to  a  reasonable  degree,  the  previously  stated  condition*. 
Specifically,  this  work  concerns  toe  response  of  a  sheet  of  test  material  bonded  to  the  upper 
surface  of  a  rigid  metal  plate  ami  having  a  rigid  mass  bonded  to  its  upper  surface.  The  plate 
under  the  specimen  is  then  forced  in  a  steady  sinusoidal  motion. 


ANALYSIS  OF  THE  RESPONSE  OF  THE  TEST  SPECIMEN 


Figure  1.  Schematic  of  Test  Specimen 
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The  specimen  under  test  is  shown  schematicaTy  in  Figure  L.  The  y  coordinate  axes 
are  fixed  in  space.  The  displacement  amplitude  of  the  forced  lower  plute  aud  the  free  mass 
are  Q  and  Q  respectively  and  the  phase  angle  by  which  the  forced  plate  leads  the  free  mass 
is*. 

The  effects  of  the  stress  free  edges  of  the  material  In  shear  were  neglected  in  thle  analysis. 
A  state  of  pure  shear  was  assumed.  The  upper  and  lower  bour  ds  of  the  errors  Introduced 
as  a  result  of  this  assumption  can  be  computed  from  the  work  of  Read  (Reference  S).  Accord¬ 
ing  to  Read,  the  correction  to  the  stiffness  is  a  function. of  Poisson's  ratio  and  the  length- to- 
thickness  ratio  of  the  specimen.  If  the  material  is  assumed  to  be  incompressible,  then  for 
a  length- to- thickness  ratio  of  24,  the  decrease  in  stiffusss  due  to  allowance  for  the  edge  effects 
is  between  0.67  percent  and  1.12  percent.  This  apparatus  was  designed  with  constant  specimen 
length  of- three  inches  and  the  thickness  of  the  specimens  could  usually  be  made  less  than  one 
eighth  of  an  inch. 

It  was  also  assumed  that  the  blocks  to  which  the  specimen  is  bonded  are  rigid  and  the  static 
comp l  s  i«>«  xoroes  JuC  to  gravity  are  neglected. 


In  the  Initial  analysis  the  specimen  material  will  be  considered  to  be  elastic.  For  pure 
shear  all  displacements  vanish  except  u,  the  displacement  in  the  x  direction.  The  equations 
of  motion  reduce  to  the  wave  equation 


or 


p  l 


) 


where  c  «  %/^j-  is  the  velocity  of  shear  waves  in  the  specimen  material. 

For  the  steady  state  solution  u(y,t)  *  F(y)  exp  0  m  t),  tits  equation  of  motion  becomes 


#* p  ( I* 1 5 


f  Up  Uml  ) 


-H£_  *  ■  -  f  i  o 


The  general  solt  Moc  of  th.s  equation  is 

r  <  r )  *  8  (fcj)  *  C  «•#» 


( I ) 


where  B  and  C  are  unknown  constants  to  bo  determined  from  the  boundary  condition*  and 
k  *  •fc.  Thee 


*  (y.f  )  * 


r. 


(ky)  fC  pm  (iy)  ()«t) 


( Z ) 
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The  boundary  conditions  tu&% 

I*  u(8Pt)  *  Q  exp  #«t); 

this  gives  C  *  Q  and  F(y)  *  B  sin  (ky)  +  Q  cos  {ky) 

2,  The  shear  force  on  the  top  of  the  specimen  must  oppose  the  inertia  of  the  fr&&  masg 
or 

A  Ty  s  '  W  44  y  -  b 

A  G  { /  c3y  s  ^  M  F{b)  «n tp(iwt) 


A  6  k 


cp*  {  kb  )  -  Q  iiR  (  kfe  ) 


W  j^B  siu  { kb)  +  G  cos  'kb 


1 

i 

J 


AG  k  si  n  i  fct  S  4*  M  (kb) 

B  »  - - - - - - - - - - - — -  Q 

A  £  k  c  '%  (fe  fe}~  M  *«n  (kb) 


Substituting  these  results  into  Equation  1  yields 

r  AG  k  coa  ( kb  “  l  j,  )  —  w*  M  sin  (kb  -  ky }  1 

fly)  *  Q  - - —  — - — - - - * — — 

L  AGk  ooti  (kb'-  4jz  M  sift  (  kb  )  J 


AGk  cos  (kb -ky }  ~~  «  M  sin  ikfe- ky  }  -» 
u  (  y , t  Q  |  - — - - — — — - - — -  Sixp(!wi  ) 


AQk  eos(kb) —  «*  M  sin  (kb) 


u  ( b,t) s q 


A  G  k 


AGk  eo«  (kb)  -•  an*  M*!n  (kb)  J 


1 


{  iwf ) 


(5) 


(4) 


*0  ~ 


co »  (kb)  A0k)8in(kb) 


-K|>  (  Stt  f  ) 


(5) 


Now  u(b»f)  is  measured  as  Q  exp  (iwt  '  as  in  Figure  1.  Inserting  tills  into  Equation  6  yields 


Q  f 

-  «xp  (  )  * - - - —  (8) 

Q  co»  (kb  )  -  (w*  M  )/  ( ASk)  tin  (kb) 

Thus  far  ii  h«u*  been  assumed  that  G  is  real,  that  is,  that  the  specimen  material  is  purely 
elastic.  Tb<"  formal  solution  of  viscoelastic  problems  has  been  greatly  simplified  by  the  use 
of  the  correspondence  principle  between  elastic  and  visooelastic  problems.  This  principle 
was  first  noted  by  Alfrev  (Reference  4)  for  incompressible  materials  and  l4»e  (Reference  6) 
for  compressible  materials. 
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The  Alfrey~L«®  correspondence  principle  states  that  the  Laplace  transformed  viscoelastic 
solution  is  obtained  directly  from  the  soluti'"  ♦->  an  associated  elastic  problem  by  merely 
replacing  the  elastic  constants  by  certain  fractions  of  the  Laplace  transform  parameter  de¬ 
pending  on  the  nature  of  the  stress- strain  relations.  The  character  of  the  associated  elastic 
problem  is  established  by  Laplace  transforming  the  differential  equation  and  boundary  and 
initial  conditions  defining  the  viscoelastic  problem*  Further  proof  of  the  correspondence 
principle  is  given  by  Read  (Reference  6)  and  Berry  {Reference  7).  Berry  also  states  that  for 
a  steady  state  sinusoidal  stimulus  the  solution  to  a  viscoelastic  problem  Is  obtained  from  that 
of  foe  corresponding  elastic  problem  by  tbs  substitution  of  complex  moduli  which  are  function® 
of  frequency  for  foe  elastic  moduli  or  constants. 

As  a  consequence  of  the  previous  discussion,  the  response  of  the  free  mass  on  top  of  the 
viscoelastic  medium  is  obtained  directly  from  Equation  8  by  replacing  foe  elastic  shear 
modulus  with  foe  complex  shear  modulus  G*. 


3 


*- 


s'  4-  i  g” 


=  <?0  «  *  p  { i  d  ) 


whsr  s  S  ~  arc  tan 


'  6'  ' 


Equation  6  become® 


——  exp (-i A  ) 

a  r 


cef  (  }  -  ( a*  M  )/ i  AG*  fe*-  )  sin  ( ) 


(7) 


where 


k"*"  *  — -rr-r^rr-  =  axp  (  -  i  6 /2  )  -  axpl-JS/Z  ) 

*\7p 


If  (te*b)  is  small  In  magnitude  and  the  quantities  cos  {k*b)  and  sin  (k*b)  are  approximated  by 
the  first  term  of  their  respective  Mad  auric  series,  the  following  approximation  is  obtained 
for  Equation  7i 


fL 

Q 


«xp  (-  !  ^ 


R  «xp  C-1 4>  ) 


I  _ 

I  -<«*  MM  /  (S'*  A) 


(8) 


The  same  result  would  be  obtained  if  the  specimen  inertia  were  neglected  in  the  original 
equation  of  motion.  It  is  desirable  to  be  able  to  use  this  approximate  solution  for  the  response 
because  it  can  easily  be  solved  explicitly  for  the  complex  modulus  G*.  It  is  difficult  to  com¬ 
pute  ths  error  resulting  from  this  approximation  for  foe  general  case.  In  the  Appendix  a  com¬ 
putation  of  the  error  for  specific  values  of  the  material  constants,  specimen  geometry,  and 
excitation  frequency  are  obtained.  On  the  basis  of  this  approximation,  the  solution  of  Equa¬ 
tion  8  for  G*  ist 


«  «*  Mb /A  «®  Mb /A 

0  *  - - - * - - - - 

I  -  I  /  R  *»p  {  I  4  >  ll-l/Ro^H  I  /  R  sin  ^ 


4 


1 


b 


afmju~tr-@5-iq4 


Therefor©: 


Qa  1 


«£  Mb/4 


*  1  'ft 

(  t  /  R  )  -  2/R  ess  £  +  i  1 


and 


l/R  *!n  f 

ton  $  *  —  - - - 

i  —  f  /  R  c  o  s  ^ 


i  in  ^ 

8 -ces  $ 


For  steady  state  sinusoidal  motion*  the  amplitude  ratio  of,  and  the  phase  angle  between,  the 
lower  and  upper  blocks  or  plates  will  be  the  same  for  displacement,  velocity,  and  accelera¬ 
tion  signals.  Which  of  the  ye  three  quantities  are  measured  depends  primarily  on  the  fre¬ 
quency  at  which  the  test  is  performed.  R  will  now  be  redefined  as  any  one  of  these  three 

2 

kinematic  ratios.  H  will  also  be  defined  sus  equal  to  «  Mb/A. 

The  final  formulae  for  G  and  tan  0  are: 

o 


6o  a 


(I  /R*  — 2/R  coo  ^  +  I  )l/£ 


(9) 


V 


I  *5  rt  8  = 


s In  ^ 


H  -  cos  $ 


(  10} 


AFML-TR-85~104 


Typical  Tallies  of  these  material  constants  and  frequency  are? 

m»A  ‘S 

Gq  *  900  psi,  10  *  mass  units**/in.  ,  and  f  «*  500  cps  or 
»  -  1000*-  radiant*,  sec*  For  these  value® 


Therefore  b  £0.1  in.  should  satisfy  the  inequality. 

The  mass  of  the  upper  block  must  be  calculated.  To  permit  accurate  calculations,  it  is 
seen  from  Equations  9  and  10  that  R  must  be  different  from  unify  and  $  different  from  zero* 
These  differences  are  greatest  near  tee  resonance  of  tee  specimen-free  mass  system,  where 
the  resonance  is  defined  here  as  tee  maximum  of  ten  amplitude  ratio,  R. 

From  Equation  8  it  esn  easily  be  Shown  teat  R  is  a  maximum  for  the  frequency 

a»  «  £(G*A/b)/M  j  ^2, 


This  particular  value  will  be  called  the  natural  circular  frequency  frequency  of  tee  specimen- 
mass  system.  Note  that  this  natural  frequency  does  not  change  with  damping  since  it  is  only 
a  function  of  tee  storage  modulus.  At  this  n  itural  frequency. 


The  area  of  the  specimen  will  be  fixed  at  six  square  inches  (three  inches  long  In  tee  direction 
of  vibration  and  two  inches  wide).  Choosing  cos  6  «us  unify  and  using  the  typical  values  of  tee 
other  constants  in  relation  to  Equation  11,  we  have 


M  -  0.00547  mass  raita** 
W  =  Mg  *  2.1  lb. 


Another  consideration  in  designing  this  mass  was  to  locate  tee  oenter  of  gravity  at  tee  top 
edge  of  the  specimen  so  teat  tee  stress  distribution  was  simple  shear.  The  final  design  for 
the  mass  is  shown  in  Figure  2. 


**No  naitaii  has  been  assigned  to  the  unit  of  mass  in  tee  inch-pound-  seoond  system  of  units. 
In  this  this  unit  will  "dmply  be  called  a  mass  unit. 
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Figure  2,  Free  Maes  Including  Accelerometer  and  Dummy  Mass 


SPECIMEN  PREPABA.T’ON  AND  TEST  PROCEDURE 


The  metal  plate*  above  and  below  the  specimen  are  of  braes*  Braes  was  primarily  chosen 
because  many  elastomers  will  bond  directly  to  braes  without  a  secondary  adhesive.  When 
possible,  toe  specimen  was  tended  to  toe  plates  while  toe  specimen  material  underwent  a 
specified  curing  cycle.  These  plates  were  attached  to  toe  other  parts  of  toe  apparatus  with 
machine  screws.  A  mold,  not  shown,  was  designed  to  be  compatible  with  toe  plates  and  has 
been  used  in  specimen  preparation,  A  p’ olograph  of  a  “ready  for  test*'  specimen  is  shown 
is  Figure  3. 

Before  starting  any  test,  it  was  necessary  to  find  the  specimen  thickness  and  toe  weight, 
of  the  free  mass,  including  toot  of  toe  accelerometer  and  dummy.  The  lower  plate  was 
mounted  on  a  lightweight  slip  table  which  was  rigidly  connected  to  toe  armature  of  a  100  force 
pound  electromagnetic  exciter.  The  entire  apparatus  was  mounted  on  a  seismic  concrete 
block  as  shown  in  Figure  4. 

While  toe  teste  were  being  conducted,  toe  accelerations  of  the  upper  and  lower  plates  were 
measured  by  accelerometers  and  ran.'  out  on  vibration  meter*.  Phase  differences  between 
toe  two  accelerometer*  were  measured  uy  a  precision  phase  meter.  The  two  accelerometer 
signals  were  continuously  observed  on  a  dual  trace  oecilloeoope  to  ensure  that  they  were  not 
highly  distorted  whan  data  was  taken.  Frequency  was  measu-od  by  an  electronic  digital 
counter. 
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Figure  3.  A  “Ready  for  Test”  Specimen 


Figure  4..  View  of  Complex  Modulus  Apparatus  Including  the  Slip  Table,  Electromagnetic 
Exciter,  and  Top  of  the  Seismic  Concrete  Block 


8 


AFML-TR~65-104 


DISCUSSION  OF  RESULTS 


The  results  plotted  In  Figures  5  and  6  show  the  typical  frequency  and  temperature  de¬ 
pendence  of  the  properties  of  viscoelastic  materials.  Although  the  measurements  of  Fig¬ 
ure  6  we re  taken  at  ambient  room  temperature.  It  was  necessary  to  maintain  this  tem¬ 
perature  to  within  0.1’C  to  'insure  adequate  reproducibility  of  the  measurements. 

Figure  7  shows  data  for  a  sllioone  rubber  material,  the  properties  of  which  were  essentially 
i  iependent  of  temperature  variations  in  the  vicinity  of  room  temperature.  Tao  properties 
were,  however,  found  to  be  dependent  on  the  amplitude  of  shear  strain.  This  indicates  that 
the  real  material  is  nonlinear.  The  calculated  material  properties  for  this  real  material, 
at  each  value  of  strain  amplitude,  may  be  called  the  viscoelastic  constants  of  an  “equivalent” 
linear  viscoelastic  material. 

Data  on  a  sample  of  butyl  rubber  of  the  rams  compounding  formulation  as  that  of  Figure  5, 
and  taken  on  a  Maxwell  machine  (Reference  8)  at  frequencies  up  to  100  cp»,  was  available 
for  comparison.  This  machine  measures  the  complex  modulus  in  tension-oompression  rather 
than  shear.  To  reduce  these  tension-compression  moduli  to  shear-moduli,  it  was  assumed 
that  the  material  was  incompressible;  this  assumption  being  justified  for  many  soft  visco¬ 
elastic  materials.  This  assumption  implies  that  the  loss  tangents  in  shear  should  be  the  same 
as  in  tension-compression  and  the  magnitude  of  the  complex  modulus  in  shear  should  be  one 
third  tbs  magnitude  of  tbs  complex  modulus  in  tension- comers  sion,  The  computed  values  cf 
Gq  war©  within  20  percent  of  the  values  measured  on  the  apparatus  described  herein;  how¬ 
ever,  tlie  loss  tangents  for  the  tension-compression  data  were  60  to  7G  percent  less  than 
those  measured  in  shear.  Possibly  the  assumption  cf  Incompressibility  was  not  Justified.  If 
both  sets  of  data  are  correct,  then  Poisson's  ratio  must  be  a  complex  number  for  this  material, 

Calculations,  net  shown,  were  made  to  find  the  steady  state  temperature  distribution  within 
a  typical  specimen.  These  calculations  showed  the  maximum  temperature  difference  inside 
the  specimen  to  be  much  less  than  1*C  for  moderate  shear  strains  at  which  most  measure¬ 
ments  must  be  taken  to  preserve  linearity  However,  for  large  shear  strains  (greater  than 
0.01)  the  temperature  difference  could  exceed  1*C  and  should  be  considered  for  temperature 
sensitive  materials  such  as  that  in  Figure  6. 
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CONCLUSIONS 


Equipment  has  been  designed  to  measure  tbe  dynamic  properties  of  viscoelastic  materials 
in  shear.  A  simple  analysis  of  the  response  of  the  system  has  been  developed.  Measure¬ 
ments  taken  with  this  equipment  show  that  the  experimental  difficulties  are  not  extensive 
and  the  results  are  reliahle  and  consistent. 

For  the  properties  of  the  test  material  to  be  obtained  explicitly  from  the  response  of  the 
system,  the  thickness  of  the  material  in  shear  must  be  such  that  the  inertia  of  the  specimen 
can  be  neglected.  Also  the  experimental  specimen  more  closely  approaches  the  mathematical 
model,  with  a  stress  distribution  of  pure  shear,  as  the  specimen  thickness  decreases. 

Measurements  taken  with  this  appacftus  show  the  properties  of  viscoelastic  materials  to 
be  :  «nsitive  to  temperature,  rate  of  deformation  (that  is,  frequency),  and  amplitude  of  de¬ 
formation.  The  desired  environment  must  be  produced  before  making  the  mechanical  meas¬ 
urements. 
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APPENDIX 


From  tbe  experiment*!  result*  obtained,  *  measuren^mt  taken  at  a  relatively  high  fre¬ 
quency  on  a  thick  specimen  was  selected  to  compute  the  error  in  the  approximate*  analysis 
of  the  response.  Specifically  for  the  butyl  rubber  specimen,  the  following  were  measured  or 
computed* 


Quantify 

Value 

1.18  (10)  *  mass  units**/in. 

b 

0.18  in. 

G 

o 

900  pel 

t  an  8 

0.75 

M 

_3 

6.84  (10)  mass  units 

A 

8.0  is.2 

sr 

t 

1GO0  eps 

k  b 
o 

0.294 

fc*b 

0.279  ~  1  0.09SG 

cog  (a  o) 

0.986  +  I  0.0256 

sin  (k*b) 

0.277  -  i  0.0895 

sin  CxFb) 
k*b 

0.990  *  I  0.00312 

(»3Mfc)/(G*A) 

4.81-  1  5.61 

From  Equation*  7  and  5  the  ratio  of  the  approximate  to  the  exact  nesoonee  Is 

App*.  ooa  (k*b)  -  {»2Mb?/Q»A)  sin  (k*b)/(k*b) 
Exact  1  -  *Mh)/(G*A) 


«  0.995  exp  3  O.GOO?) 


This  can  be  interpreted  as  -0.5  percent  error  in  the  amplitude  ratio  sad  *0.0097  radians 
{0,6tf )  error  is  the  phase  angle. 


**No  name  has  been  assigned  to  the  unit  of  maas  in  tbs  lnch-pcamd-esoond  system  of  unite, 
ha  this  paper  this  unit  will  simply  be  called  a  mans  unit 
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13-  A?3T.“ACT 


An  analytical  assessment  is  made  of  an  apparatus  designed  for  the 
measurement  of  the  complex  shear  modulus  of  viscoelastic  materials*  It  is 
shown  that  simple  measurements  of  amplitude  ratio  and  phase  angle  are 
sufficient  to  determine  the  complex  modulus  at  any  point  over  a  wide  range 
of  frequency  and  dynamic  strain.  Data  obtained  for  butyl  rubber  and  some 
experimental  elastomers  are  presented. 


POitM 

1  J  A  M  «4 


1473 


Security  Claasift  cation 


Security  Classificaticm 


INDUCTIONS 


h  ORIGINATING  ACTIVITY:  Znl#?  the  nem*  a  ad  address 
of  the  contractor  subcontractor,  gTssttee,  Dep«rt*«rt  of  f>*~ 
fens*  sctivity  or  c*th«sr  organisation  (corporefa  Jtuth&t)  Issuing 
tka  rejsort, 

2*.  ftBOrOft  f  $£CU?STY  CXASSfFSCATIO!*  Eater  the  ov«v 
ail  security  claseificatlca  of  the  report.  Indicate  whrthet 
^estrictsd  Data”  ic  inclssde<i  Marking  is  to  be  ic  accord 
*ac*  with  appropriate  security  rx^ulstirtc*. 

21*.  GROW:  Aufcwarlic  d©w«sradimg;  is  apecifi md  in  I>oD  Di- 
rectir*  5200.  iO  mi  Amod  Force*  Industrial  Manual*  Hot «■ 
tke  group  ftwsfcer.  Also,  wh*n  applicable,  show  that  optional 
marking?  hsye  bwsa  uaed  for  Group  3  and  Group  4  a#  at&hor- 
taad. 

3.  REPORT  THUS:  Eot«r  the  complete  report  title  ia  all 
coital  letter#.  Title®  in  al!  case#  shmdd  Or  wcclnssified. 

If  a  meaningful  title  cao*»t  be  selected  without  clesaificfr- 
iicse  show  title  classification  la  all  capital*  in  paretuheoU 
tasediatol  ?  follewiiifc  the  title. 

4.  ©SSCR^PTIVE  NOTES:  If  appropriate,  enter  the  typo  of 
report*  a.g»,  interim,  progress,  summary,  nmsuttl,  o*r  final, 

Giv#  th*  inclusive  date*  when  a  specific  reporting  period  is 
covered, 

&  AUTHORS):  Enter  th*  naflsi#(*>  of  author!*)  ®*  a&owa  on 
or  in  the  report*  Ester  Iw*t  name,  first  seme,  addsffle  initial. 

If  srtUt&ry,  ebovr  raafc  and  branch  of  service.  The  a* me  of 
the  principal  author  i*  aa  absolute  esintasra  reonireomtfc 

6,  REPORT  D’ATE:  Enter  ihm  date  of  the  report  *%  day, 
month,  y*»rt  cr  month,  yean  If  wore  than  one  date  appear® 
on  the  report,  uee  date  of  publication. 

7*.  TOTAL  NUMBER  OF  PAGES:  The  torn!  page  count 
should  follow  normal  pagination  procedures,  !»'«.,  eater  thj* 
number  of  paeea  containing  information* 

76.  NUMBER  OF  REFERENCES  Enter  lb*  total  mimbsr  of 
reference*  cited  in  the  report, 

&*.  CONTRACT  OR  GRANT  N UiffiSR:  If  appropriate.  *sdw 
ttw  applicable  member  of  the  contract  or  grant  under  which 
the  report  wee  written* 

66,  6c,  &  fcf.  PROJECT  NUMBER:  Enter  the  appropriate 
military  dap*rt*»«nfc  identification,  such  a*  project  number, 
subproject  number,  system  number*,  task  number,  etc. 

9*.  ORIGINATOR'S  REPORT  NUMBER(S):  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
sad  controlled  by  the  orlgioatlt;®  activity*  This  number  must 
be  unique  to  this  report* 

96.  OTHER  REPORT  *RJMBER(3):  if  the  report  hafc  been 
eoeljpttd  my  other  repert  number*  farther  by  the  originator 
or  by  i?he  sponsor),  *lao  enter  this  mmb «(»)• 

10,  AVAILAmLn  y/LmiTATtON  NOTICES  Enter  any  llm- 
Uation*  «a  further  dtaftaiainaUan  of  the  report,  other  than  thowj 


imposed  by  security  classification,  using  standard  statement* 
such  fi*: 


(D 

(2) 

<$> 

(4) 


"Qualified  requester*  may  obtain  copie*  of  this 
report  from  DDC  " 

"Foreign  aertcuaesmsfei  end  ett®  semination  tf d“ 

report  by  DOC  is  act  authorised." 

MU.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  PDC  Other  qsalilied  DDC 
users  shall  request  through 


st\).  S.  military  cgascies  mav  obtain  copies  of  this 
report  directly  from  £>I>C  Othoar  qualified  saere 
shall  request  through 


(5)  MAU  distribution  of  this  report  is  controlled.  ^3*&- 
ified  SDC  users  shall  request  thro^h 


If  the  report  has  b«-en  furnished  to  the  Office  of  Technical 
Services,  DspArtasoafc  of  Cumrasrcs,  for  mI<*  to  the  public,  indi¬ 
cate  this  feet  end  enter  the  price,  if  known, 

it  SUPPLEMENTARY  NOTES:  Um  for  additional  esplan^ 
tory  notes. 

IX  SPONSORING  MILITARY  ACTIVITY;  Brttar  the  iMSbp  of 
the  departmental  project  office  «*r  laboratory  sponsoring  (p*F 
for)  the  rasaarch  and  devalopmont.  Include  addrese* 

13.  ABSTRACT:  Esstar  eat  sbatrect  giving  a  bri^f  and  fa ctswrt 
sumiaary  of  the  document  issdicstive  of  the  ?i?post,  «v*»  though 
it  may  appear  elsewhere  in  tke  bedy  of  the  technical  re¬ 
port.  If  Additional  space  is  mtquifed,  »  ctwstiaustioc  sheet  ahali 
be  setfiched. 

It  it  highly  deftirsbto  that  th«  abstract  s*  sifted  sports 
be  uncUsaified.  Each  paregmph  of  the  abstract  shall  *tt&  with 
an  indication  of  the  military  security  classification  of  the  in™ 
formation  in  the  paragraph,  represented  ts  (T3).  {$)>  (€),  o$  (U). 

There  is  no  limitation  on  the  length  of  the  abstract  H<?sr- 
ever,  the  suggested  length  is  from  150  f  ^  225  words. 

14.  KEY  WORDS.  Key  word*  are  technically  &*sajlsgfui  terms 
or  exhort  phrases  that  characterise  a  report  and  may  bt  used  eat 
index  entries  for  cataloging  the  report.  Key  words  must  be 
selected  so  that  no  security  classification  is  required.  Identi¬ 
fiers,  such  as  equipment  model  designation,  trade  asm*,  military 
project  codo  name,  geographic  location,  may  b*  used  *a  fcay 
wordt  **jf  will  be  follow*^  by  an  indlcstion  of  technical  con* 
text.  The  assignment  of  links,  rules,  and  weights  is  optional. 


Security  Clataifkfitire 


